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AN EXAMINATION OF THE EFFECTS OF SALVIA DIVINORUM 
FORTIFICATION ON STABLE ISOTOPE RATIOS 
 
 
DAVID ANTHONY BARAJAS 
 
ABSTRACT 
Salvia divinorum is a plant species native to Oaxaca, Mexico.  The leaves 
of this plant contain the active compound Salvinorin A which, when 
smoked, causes the user to experience hallucinogenic effects.  Currently 
Salvia divinorum is not listed as a scheduled drug under the United 
States’ Controlled Substances Act, though some states such as Ohio and 
Texas have passed laws to prohibit its use.  Commercially available 
Salvia divinorum products are available in fortified extract concentrations 
claiming to contain up to fifty times the Salvinorin A concentrations 
naturally present in naturally growing Salvia divinorum plants.     
 The stable isotope ratios of elements such as carbon, nitrogen, 
oxygen, and hydrogen can reflect plant responses to certain 
environmental conditions, such as atmospheric carbon dioxide 
concentrations or the degree of water limitation a plant experiences, 
which in turn can be unique to a geographical region a plant grows in.  
Because these isotope ratios vary by location, a local plant species from a 
known area can inform researchers about the elemental makeup of a 
plant native to a particular region, as well as whether the plant was 
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grown indoors or outdoors.  Booth et al. (2010), demonstrated the 
effectiveness of using stable isotope ratio data of marijuana for the 
determination of drug trafficking patterns (1).  Booth and coworkers also 
speculated that variations in marijuana chemical composition due to 
isotope fractionation would account for the differences in isotopic ratios 
within the marijuana samples.   
 In this experiment, commercially purchased leaf samples of Salvia 
divinorum were analyzed using an Isotope Ratio Mass Spectrometer for 
the purpose of establishing the stable isotope ratios by geographic region.  
Salvia divinorum samples from Oaxaca, Mexico exhibited stable isotope 
ratios that could be differentiated from those grown in Hawaii, USA.  
Fortification of leaves had a demonstrated effect on the isotope ratios for 
the elements examined, indicating that as fortification of the product 
increased the stable isotope ratios became either enriched or depleted of 
the heavier isotope. Fortification resulted in stable isotope ratios 
reflecting regions unlike where it had been grown, thus giving 
confounding information regarding geographic origin. 
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1.  INTRODUCTION 
1.1 Salvia divinorum 
1.1.1 Botany and Taxonomy 
 Salvia divinorum is a plant species in the Lamiaceae family, 
commonly referred to as the mint family (2).  Salvia divinorum is endemic 
to the mountainous Sierra Mazateca region of Oaxaca, Mexico which sits 
at an elevation between 1200-2500 meters (Figure 1). 
 
Figure 1.  Map of Mexico (3) 
2 
The Sierra Mazateca mountain range is itself a tropical montane 
cloud forest (2).  This ecosystem provides Salvia divinorum with a growth 
environment that has persistent cloud and canopy coverage along with 
high humidity.  The flowers of the plant are rarely observed in nature, 
but when flowering does occur, it generally takes place between the 
months of October and June (4).  Carlos Epling and Carlos Játiva are 
credited with having provided the original botanical description of the 
plant.  They received the plant samples from ethnopharmacologists 
Albert Hofmann and Gordon Wasson during an expedition to Mexico (2).  
Salvia divinorum is described as growing up to 1.5 meters tall with stems 
that are hollow and quadrangular in shape.  The leaves grow in an 
opposite orientation on the stem, are elliptical in shape with serrated 
edges, and have glandular and non-glandular trichomes on the leaf 
surface.  The leaf dimensions range between 10-25cm long and 5-10cm 
wide (Figure 2) (2, 5).  Its flowers have a white corolla surrounded by a 
blue-violet calyx (Figure 3) (6, 7). 
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Figure 2.  Leaves of Salvia divinorum (5) 
 
 
Figure 3.  Flower of Salvia divinorum (6) 
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1.1.2 Ethnobotany 
 Salvia divinorum was used by the indigenous group of people known 
as the Mazatecs (2).  The Mazatecs believed that the leaves could cure 
diarrhea, headaches, rheumatism, anemia, as well cure a type of sorcerer’s 
curse known as “panzón de borrego”, which translates to lamb belly (7).  
Persons who were near death would be given a dose that would allow the 
patient to recuperate for a brief period (2).  Mazatecan legends tells that 
one of the mountains in the Sierra Mazatec region, called Cerro Rabón, is 
a dormant volcano which holds a magical lake that is populated by gods, 
demons, and other magical beings (7).  This folklore may explain why the 
Mazatecs used Salvia divinorum during ceremonies.  Current use of Salvia 
divinorum has moved from fewer medicinal applications to recreational 
use, primarily for the hallucinogenic effects that the user experiences (8).   
1.1.3 Pharmacology 
 The hallucinogenic properties of Salvia divinorum is associated with 
the compound Salvinorin A (Figure 4) (2, 9). 
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Figure 4.  Chemical structure of Salvinorin A (9) 
Salvinorin A was first discovered in 1982 by Alfredo Ortega and his 
research group (10).  Ortega described salvinorin A as belonging to the 
neoclerodane class of diterpene compounds, and is considered the only 
psychoactive diterpenoid.  Salvinorin A is a potent kappa-opioid receptor 
agonist which is biosynthesized via the 1-deoxy-D-xylulose-5-phosphate 
pathway (11).  The kappa-opioid receptor, which can be found in the brain, 
spinal cord and pain receptors is involved in pain perception, mood, and 
motor control (2).  Aside from the kappa-opioid receptors, there have been 
studies that suggest that salvinorin A also interacts with the endo-
cannabinoid system, specifically the CB1 receptor (12).  The endo-
cannabinoid system is well known for its effects attributed from 
marijuana, which causes changes in appetite, pain, mood, and memory 
(13).   CB1 and its effect on gastrointestinal mobility may give credence to 
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the indigenous accounts of using Salvia divinorum to treat diarrhea and 
other intestinal ailments. 
 The reported effects associated with the use of Salvia divinorum 
include hallucinations in which the user may experience: loss of 
body/identity, visions of people and places, the sensation of becoming an 
object, and the revisiting of old memories (14).  Observed side effects of 
Salvia divinorum use include: difficulty with speech, uncontrolled 
laughter, relaxation of the facial muscles, speaking gibberish, and the 
feeling of being hot (15).  The range of effects is dependent on the dose.  
The compound at a dose of 200µg produces visions, while a dose greater 
than 500µg may leave the user no longer aware of their surroundings and 
in a state of uncontrollable delirium (16).  These findings suggest that 
Salvinorin A is the most potent naturally occurring hallucinogen isolated 
to date (16).  An interesting observation made be MacLean et al. was that 
there was a common theme amongst users as to the types of 
hallucinogenic imagery that the user experiences (17).  Images had similar 
themes involving: being visited by entities/beings, revisiting childhood 
memories, and seeing cartoon-like imagery (17).   
There are two typical methods of ingestion.  The first is the 
traditional method of ingestion used by the Mazatec people, which 
consisted of preparing a drink concoction that was consumed during a 
ceremony (2).  The second route of administration, and currently the more 
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popular amongst users, is through smoking and inhalation.  Of the two 
routes of administration, the inhalation has been demonstrated to be more 
effective in introducing the salvinorin A compound into the users system.  
When ingested as a drink, an amount of 4mg did not elicit the desired 
affects (18).  In comparison, when smoked, an amount as small as 
0.347µg/kg provided users the desired hallucinogenic effects (17, 19).  The 
onset of the “high” occurs rapidly, with peak drug effects occurring 
approximately two minutes after inhalation (17).  The length of the high, 
according to self-reported information, lasts for up to 1 hour (20). 
1.1.4 Fortified Extracts 
Though Salvia divinorum contains a significant enough amount of 
the compound Salvinorin A, manufacturers have sold leaves that are 
categorized as ‘fortified extracts’.  These fortified leaf extracts contain an 
artificially higher concentration of Salvinorin A.  Products are available in 
both stores and online with packages advertising Salvia divinorum leaves 
containing fortified extracts.  An item that is described as ‘5x’, will claim 
to have a Salvinorin A concentration that is five times as potent as 
standard Salvia divinorum leaves.  Products are available with packaging 
claiming to contain extracts of 35x, 50x, and even as high as 1000x (21).  
The strength of the extract that a user chooses to ingest is dependent on 
personal preference, although online message boards suggest that the 
more experienced the user is with the drug, the higher the concentration 
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the user will be able to tolerate (22).  Users suggest this guideline due to 
the intensity of the hallucinations at very high fortified extract 
concentrations, which may be too intense for novice users of Salvia 
divinorum.  There have been no clinical studies on the subject of Salvinorin 
A concentrations and the physiological changes that are induced by use.   
1.1.5 Legal Status 
 As of 2015, neither Salvia divinorum, nor its active compound 
Salvinorin A, are listed as controlled substances under the United States 
Controlled Substances Act (23).   The Drug Enforcement Administration 
(DEA) has listed Salvia divinorum as one of its Drugs of Concern (24).  
Though there are no federal laws prohibiting the use or possession of 
Salvia divinorum, several states have enacted laws to regulate it.  These 
states include California, Delaware, Florida, Hawaii, Illinois, Kansas, 
Kentucky, Louisiana, Maine, Maryland, Minnesota, Missouri, Nebraska, 
North Carolina, North Dakota, Ohio, Oklahoma, Tennessee, Virginia, and 
Wisconsin (23). 
1.2 Stable Isotope Ratios 
 When the periodic table of elements is examined, one can note that 
within a particular “address” in the table that there is a number listed 
underneath the name of the element (Figure 5).  This number refers to 
the atomic mass of that element which is measured in atomic mass units 
(amu) or daltons (Da). An ‘amu’ is referenced to carbon 12 for all of the 
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elements in the period table; so 1 ‘amu’ is 1/12 of the mass of carbon 12.  
For example, the atomic weight of hydrogen (H) is listed as 1.00794 Da.  
It is important to note that the weight of 1.00794 Da is not an absolute 
weight of hydrogen, but is an average of the many forms that hydrogen 
can exist as.  These forms are referred to as isotopes and H has two 
stable isotopes with masses of approximately 1 (also called protium, 1H) 
and approximately 2 (also called deuterium, noted as 2H or D).  In 
addition to hydrogen that exists in masses of 1.0 Da (1H), and 2.0 Da 
(2H), there is also the radioactive isotope of H with an approximate mass 
of 3.0 Da called tritium (3H).  The most abundant of these forms is 1H, 
with 2H being less abundant and 3H existing in trace amounts.   
 
Figure 5.  Hydrogen listing on the periodic table of elements (25) 
The word isotopes comes from two Greek words: ‘isos’ meaning 
equal in quantity or quality, and ‘topos’ meaning place or position, and 
was so named by Professor Frederick Soddy of the University of Glasgow 
(26).  Frederick Soddy was awarded the Nobel Prize in Chemistry for his 
work on the development of the concept of isotopes in 1921 (27).  
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Therefore, the word isotope means ‘in an equal position’, which is in 
reference to an elements position (or address) on the periodic table of 
elements.  Stable isotopes differ from radioactive isotopes in that 
radioactive isotopes are inherently unstable and will undergo radioactive 
decay due to excess energy.  Stable isotopes, on the other hand, remain 
stable and do not undergo decay and readily exist in nature (26).  
Isotopes exist within an element, without becoming another element all 
together (for example hydrogen becoming helium), due to how the mass 
of an element is calculated.  A chemical element is defined by the 
number of protons that element has.  On the other hand, the mass of an 
element is determined by the number of protons and neutrons and can 
be defined by the equation:  
A=Z+N 
Here A is the mass number, Z is the atomic number (defined by the 
number of protons), and N is the number of neutrons (26).  For example, 
the element carbon contains six protons and six neutrons, thus its mass 
number is 12 or 12C and the atomic number is 6 or 6C.  An isotope is a 
variant of each element that contains either more or fewer neutrons in 
the nucleus, which increases or decreases the mass number but because 
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the number of protons has remained the same, the atomic number will 
remain the same. 
There are 92 natural occurring elements, with 71 of those elements 
having more than one isotopic form (26).  The 21 elements that do not 
have more than one naturally occurring isotopic form include 
Phosphorous and Fluorine (26).  There are about 400 stable isotopes in 
existence.  The number of stable isotopes vary between elements, such 
as the element Tin which has as many as 10 stable isotope forms.  There 
is on average about 2.6 stable isotopes per element (28). 
1.2.1 Delta Notation 
 To begin the discussion of stable isotopes, one must first 
understand how stable isotope ratios are expressed.  Delta notation, or δ 
notation, is the notation used to express the minute variations of isotopic 
abundance as “per mil”, ‰ or parts per thousand.  The equation for δ 
notation is expressed as such: 
= (RSAMPLE / RSTD – 1) x 1000 
In this equation R is the isotope ratio of the heavier isotope over the 
lighter isotope for the sample.  RSTD is the isotope ratio for the standard. 
RSAMPLE is the isotope for the sample.  When examining stable isotope 
ratios, the values are compared relative to a standard.  For the element of 
carbon and its 13C isotope, the standard that is used is the Vienna Pee 
Dee Belemnite (VPDB) standard (26).  Oxygen also uses the VPDB 
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standard, while hydrogen uses values that are reported relative to the 
Vienna Standard Mean Ocean Water (VSMOW) standard, sulfur is 
reported relative to the Vienna Canyon Diablo Troilite (VCDT) standard, 
and nitrogen to atmospheric air (air) (26).  These relative measurements 
of sample measurements being compared to standards measurements, is 
in place for precision purposes.  Error is greatly reduced with a relative, 
or “difference” measurement as opposed to using absolute values 
obtained during sample analysis (29). Multiplying by 1000 allows very 
small number to be expressed in part per thousand (or per mil). 
1.2.2 Stable Isotopes in Nature 
 An important aspect of isotopes in nature, is that the abundances 
of these isotopes remains fixed globally (26).  In other words, stable 
isotope ratios on a global scale will remain the same.  On the other hand, 
isotope ratios in compartmentalized areas are not static and do change 
constantly (29).  Therefore, when examining isotopic differences by 
geographic location, one can make the assumption that the variations in 
stable isotope ratios are due to changes in the local plants ecology or 
physiology or from local climate and not from globally-based changes.  
When these variations are noted, it is a reflection of that particular 
geographical area which, for the most part, is unique to that area or to 
13 
another area that is very similar.  Global isotopic abundances are 
illustrated in the following table: 
Table 1.  Isotopic abundance of elements (30) 
Element Isotope Abundance (%) 
Hydrogen  1H 99.984 
 2H (D) 0.0156 
Carbon 12C 98.982 
 13C 1.108 
Nitrogen 14N 99.63 
 15N 0.3663 
Oxygen 16O 99.759 
 17O 0.037 
 18O 0.204 
 
 As mentioned previously, stable isotope ratios can vary between 
geographic locations.  For example, the isotope ratios of precipitation are 
known to change across geographic areas and this variation is driven by 
four factors: amount of precipitation, distance from the coast, altitude, 
and latitude which are linked to temperature changes (31).  As vapor 
from the ocean rises as clouds, these clouds maintain a given stable H 
and O isotope ratio, unless water is either added or removed from the 
cloud mass.  As the cloud passes over a land mass and water is removed 
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via condensation the stable isotope ratio of the cloud will change, 
becoming isotopically lighter because a fraction of the heavier isotopes 
are removed during the rainfall event (e.g., the heavier isotope of water 
condense from the cloud first).  As the storm passes further inland, the 
remaining rain water will become progressively lighter (more negative 
isotope ratios) as a result of the rain cloud being depleted of the heavier 
isotopes (Figure 6).   
 
Figure 6.  Thermodynamic effect of water isotopes during precipitation (32) 
The mechanism by which these variations in isotope ratios exist is 
described in the next section. 
1.2.3 Isotopic Fractionation 
The term “fractionation” is used to describe the changes that occur 
in isotopic abundance between substrate and product (31).  There are 
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two primary types of isotopic fractionation: 1) kinetic fractionation what 
leads to an isotope effect driven by a largely unidirectional reaction and 
2) equilibrium fractionation that leads to an isotope effect that is related 
to the thermodynamic or energy state of the system and is generally bi-
directional [e.g., for water an “equilibrium” between the liquid and vapor 
phases] (26, 29).  Thermodynamic or equilibrium isotopic effects result 
from the differences in physicochemical properties of the substrate and 
the product formed from it that can include the melting point, boiling 
point, and vapor pressure (26).  During the fractionation process, there is 
a difference in free energy between two phases of the same compound 
where one compound is the isotopically lighter compound.  The 
thermodynamic isotopic effect explains why clouds (which are made up 
of vaporized ocean surface water) are depleted in 2H and 18O when 
compared the liquid ocean surface water (26).  
A kinetic isotopic effect is a very common fractionation process (26, 
32).  Kinetic isotopic effects results from the differences in bond strength 
between heavier and lighter isotopes which leads to reaction rates (29).  
This type of effect can be depicted as a ratio of rate constants of light 
versus heavy isotopes, or lightk/heavyk.  In this formula, when the ratio is 
greater than 1, the lighter isotopes are reacting faster and the heavier 
isotopes become enriched in the system, with the kinetic effect 
considered ‘normal’.  When the ratio is less than 1, the heavier isotopes 
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react faster and the lighter isotopes become enriched in the system, 
resulting in a kinetic effect that is ‘inverse’ (29).  In plants, the kinetic 
isotopic effect occurs during any biosynthetic process like photosynthesis 
where carbon from carbon dioxide is combined with water resulting in a 
carbohydrate that is the building block for making all plant tissues (33).  
But in C3 plants, 13C is discriminated against by the main catalytic 
enzyme and thus there will be less 13C relative to 12C than exists in 
atmospheric carbon dioxide (33).   
1.2.4 Isotope Ratio Mass Spectrometry 
 The Isotope Ratio Mass Spectrometer (IRMS) is the 
instrumentation typically used for stable isotope analysis.  While Gas 
Chromatography-Mass Spectrometry (GC-MS) and High Performance 
Liquid Chromatography-Mass Spectrometry (HPLC-MS) are generally 
used for detecting compounds of interest in drug chemistry laboratories, 
they do so by scanning a range of fragment ion to provide structural 
information towards the identity of the compound of interest (29, 34).  
When trying to detect isotopes, a standard molecular mass spectrometer 
is simply not sensitive enough to detect all of the ions.  A mass 
spectrometer uses a single detector and cannot continuously detect the 
ions simultaneously throughout the run (26).  For example, where there 
is some mass of M and there are detectable ions of masses M+, M+1+, and 
M+2+, about a third of all the ions of each mass will be detected (26).  
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Considering the changes in isotopic abundance that occurs due to 
isotopic effects such a mass detector lacks the sensitivity to record the 
minute changes accurately.  Conversely, an IRMS uses multiple detectors 
to overcome this problem.  Where a single detector mass spectrometer 
can measure isotopic abundance to an order of 0.05 atom%, an IRMS 
can detect isotopic abundance to a precision as low as 0.0001 atom% 
(26). 
The IRMS instrument is made up of four components: the inlet 
system, ion source, mass analyzer, and ion collection assembly (Figure 7) 
(29, 35).   
 
Figure 7.  The four component of the IRMS 
 
There are two types of inlet systems by which a sample may be 
introduced into the ion source.  The first technique is via Dual Inlet-
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IRMS.  In this system, the sample and reference gases are introduced 
into the IRMS via two separate sets of tubes, and are connected to the 
IRMS by a valve which allows one of the gases to enter the ion source 
while the other gas is diverted to a waste line.  In the dual inlet system, 
the sample gas enters a reservoir, also known as the bellows.  Here the 
gas is compressed and expanded to allow the sample gas to have the 
same pressure as the reference gas.  Because the reference gas and the 
sample gas are under the same pressure, the reference and sample gases 
can be compared under identical conditions.  This allows for more 
precise measurements.  However, because the sample conversion in to 
gaseous form takes place off-line, there is higher potential for 
contamination and fractionation with the dual-inlet system (29).  In a 
continuous flow system, the sample preparation occurs on-line.  Here the 
solid sample (such as a plant leaf) is combusted into a gas, which is then 
carried by a carrier gas such as Helium.  In either inlet system, it is vital 
that capillary tubing be used, so that isotopic fractionation does not take 
place prematurely, prior to its introduction into the mass spectrometer 
(32, 35).  Without capillary tubing, the sample molecules will follow a 
molecular flow, which will cause the isotopes to separate according to 
how heavy they are.  The use of capillary tubes induces a viscous flow, 
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which results in molecular collisions thus preventing separation as well 
as allowing the sample to be well mixed (35).   
The ion source is where a gas sample enters into the mass 
spectrometer’s ionization chamber.  Prior to entering the ion source the 
sample, where the state of the sample may be a solid or a liquid, is 
combusted into its gaseous state.  The gas is then converted into one of 
the following sets of gases (Table 2) for ease of analysis (26, 29): 
Table 2. Gas conversion table for IRMS analysis 
Isotope Ratio to examine Gaseous conversion 
2H/1H Hydrogen (H2) 
13C/12C Carbon dioxide (CO2) 
15N/14N Nitrogen (N2) 
18O/16O Carbon monoxide (CO) 
34S/32S Sulphur dioxide (SO2) 
 
20 
Once in the chamber the sample is struck by an electron beam 
which results in the removal of an electron from the sample’s molecule 
and therefore results in the creation of a positive ion.  The ions travel 
through the flight tube, or mass analyzer, where a magnetic field is 
applied perpendicular to the flight path so that the ions are separated by 
their respective mass-to-charge ratios (m/z).  The ions are then collected 
by a series of collection arrays known as Faraday cups.  Each is 
positioned such that the filtered ions fall into their respective Faraday 
cups.  For example, if analyzing for 18O, where the gas conversion is for 
CO, then there will be Faraday cups positioned for mass fragments with 
masses (m/z) for 28, 29, and 30 which would relate to carbon monoxide 
isotopes of 12C16O, 13C16O, and 12C18O respectively.  Because there are 
multiple Faraday cups being used at the same time, data collection is 
continuous and complete throughout the entire run (Figure 8).   
21 
 
Figure 8.  Isotope Ratio Mass Spectrometer Schematic (36) 
 
This entire process is dictated by the following equation which 
describes how the cups are positioned to reflect each ions mass (26): 
𝑟2 =
2𝑉
𝐵
∗
𝑚
𝑧
 
where r is the deflection radius, B is the magnetic field, V is the 
accelerating voltage, and multiplied by the mass-to-charge ratio (26).  
Finally, data is transferred to a computer where analysis may be 
performed.   
1.2.5 Applications in Science 
 The application of stable isotope ratio analysis has proven to be a 
valuable tool for a wide variety of researchers.  For example, stable 
isotope ratios were used to examine the migration patterns of the Coastal 
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Plain Swamp Sparrow because of the difficulty of physically tracking the 
sparrows during the winter season (37). Instead, Greenberg et al. 
examined the C, N, and H isotopes of the sparrows molted feathers to 
determine where the sparrows had been spending the winter months 
(37).  13C and 15N have also been used to indicate the type of marsh land 
in which molting occurred.  Proportionally higher δ13C values were 
representative of C4 plants in temperate wetlands as well as C4 grasses 
endemic to salt marshes, relative to C3 plants.  15N enrichment was 
indicative of animals which fed from marine systems.  δD of precipitation 
was also used to determine latitude, where a lower δD was indicative of 
higher latitude during the winter.  Using these parameters, Greenberg et 
al. was able to successfully predict where the sparrow were migrating 
(37). 
 Ecologists have used stable isotope data as a means to record 
climate changes of regions by examining the plants of the regions (31).  
Tree rings are an example of a region of a plant that can be used as a 
medium term recorder.  Each year, a new tree ring is created from the 
cellulose of the xylem.  When an event such as water stress levels occur, 
sugars formed during photosynthesis will record the effects of the stress 
in their δ13C values.  Those sugars are later transported to the xylem 
where they become permanent records of the events of that year (31).  
Depending on the age of the tree, these records can date back hundreds, 
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and even thousands, of years.  Aside from plants, scientists have 
examined ice cores to determine climate variations as early as 250,000 
years ago (38).  Such data methods have been especially valuable to 
those who study global climate change. 
 Forensic science has also utilized stable isotope analysis (32).  The 
stable isotope analysis of human hair can be used to identify the human 
remains of an individual who may have been reported missing.  Isotopic 
analysis can be used to determine the type of diet the individual 
preferred (such as whether they were vegetarian) based on δ15N values.  
Geographic location from which the individual was native to can also be 
determined by examining the H and O isotopes in the hair which reflect 
the local tap water that the individual consumed.  Likewise, certain 
regions of the world have diets that consume more C3 plants than C4 
plants, and vice versa, therefore geographic location can be elucidated by 
examining the stable isotope ratio in hair (32). 
 Stable isotope analysis has been used to predict drug trafficking 
patterns and has become a valuable asset to law enforcement.  In a 
study performed by Booth et al.  (2010), seized samples of marijuana 
were analyzed by the University of Alaska Fairbanks Police Department 
from various locations throughout Alaska.  Examination of δ13C gave 
information as to whether the plants were grown outdoors under natural 
CO2 levels or indoors under artificial CO2 levels.  δ15N revealed the type of 
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fertilizer used by the marijuana growers.  δ18O and δD revealed the 
source water and geographic location of the grow site.  Data from this 
study suggested that the seized marijuana was most likely grown locally, 
rather than exported from other regions (1). 
1.3 Stable Isotope Ratios and Salvia Divinorum 
To date I could find no published research on the stable isotope 
composition of Salvia divinorum. As such, I investigated the isotope 
variation of Salvia divinorum sold as various extract fortifications, and 
the relationship between fortification and its stable isotope ratios.  The 
hypothesis for the relationship between stable isotope ratio and 
fortification is that with the process leading to higher fortifications 
results in the stable isotope ratio becoming an unreliable predictor of 
geographic origin.  During fortification the delta values may be pushed 
away from their true values and instead reflect different conditions 
and/or geographic locations than where the plant was actually grown.  
This research will also provide the results of the examination of the 
stable isotope ratios present in the plant species Salvia divinorum. 
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2.  MATERIALS AND METHODS 
2.1 Salvia divinorum samples 
Plant leaf samples of Salvia divinorum were purchased from online 
vendors on the internet.  The first set of plant leaf samples were purchased 
from http://sagewisdombotanicals.com/.  This order consisted of four leaf 
products that were described as: Sierra Mazateca Prime Harvest 
(SWSMPH), Hawaiian Connoisseur Quality (SWHG), Sierra Mazateca 
Regular-strength (SWRS), and Sierra Mazateca Extra-strength (SWES).  
The SWSMPH leaves were described as grown and imported from “the 
remote highlands of the Sierra Mazateca of Central Mexico” under organic 
conditions and were cultivated by the local farmers (39, 40).  The SWHG 
leaves are promoted as having been grown in Hawaii, United States of 
America (USA) where they are “carefully chosen during harvesting” so that 
they are “free of insect damage, discoloration, and other imperfections” 
(40).  The SWRS product contains Salvinorin A extracts in which the leaves 
contain six times the concentration of a normal leaf.  The SWES product 
contains a “higher” Salvinorin A concentration, though no details are 
provided via their website (40). 
The second set of plant leaf material were ordered from 
http://www.arenaethnobotanicals.com/salvia-divinorum-c-0_1.html.  
The following leaves were ordered from this distributor: Organic Salvia leaf 
(AEOL), Salvia divinorum 05x standardized extract (AE05), Salvia 
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divinorum 15x standardized extract (AE15), Salvia divinorum 35x 
standardized extract (AE35), and Salvia divinorum 50x standardized 
extract (AE50).  The manufacturer claims all items to have been grown 
organically from the mountains of Oaxaca, Mexico (41). 
All leaf samples were pre-dried and stored in plastic bags by the 
manufacturer prior to delivery.  SWSMPH and SWHG were delivered as 
whole leafs, while all other items were delivered as ground leaves.  All 
samples were stored in a cabinet to prevent contact with sun light and at 
a room temperature of 20 degrees Celsius.   
2.2 Sample Preparation 
  The plastic bags containing the Salvia divinorum leaves were 
shaken to create homogenized mixture of the leaves.  The leaf samples 
were chosen at random for analysis.  Leaf samples were ground using a 
mortar and pestle until a fine powder was created.  To prevent 
contamination, they were then placed in plastic bags and heat sealed for 
storage. 
The plastic bag containing the finely ground samples were opened 
with scissors and the samples were weighed out depending on the type of 
isotopic analysis to be performed.  Carbon and nitrogen stable isotope 
analysis required weight limits that were between the ranges of 1.8-2.1mg.  
Hydrogen and oxygen stable isotope analysis required weight limits within 
the ranges of 0.3-0.6mg.  C and N samples were weighed and packaged 
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into 3.5x5mm tin capsules from Costech Analytical Technologies, INC 
(Valencia, CA).  H and O samples were packaged in 3.5x5mm silver 
capsules from Costech Analytical Technologies, INC.  Samples were 
weighed using a Denver Instrument pinnacle series balance Model PI-114 
(Denver Instrument, Bohemia NY).  Ten replicates per sample were made 
for the C and N analysis, while H and O samples consisted of five replicates 
per sample analysis. 
2.3 Instrumentation 
 C and N analysis were sent to the Boston University Stable Isotope 
Laboratory (Boston, MA) for analysis.  Sample combustion was performed 
on a Eurovector CN analyzer (Eurovector, Milan Italy).  Combustion 
products were separated with a gas chromatography (GC) column (1m).  
The Isotope Ratio Mass Spectrometer employed by Boston University is the 
GV Instruments IsoPrime Isotope Ratio Mass Spectrometer (Isoprime Ltd., 
Stockport United Kingdom) which uses a continuous flow system for its 
sample inlet system.  The sample combustion gases are measured against 
a reference gas that has been calibrated to the international standards V-
PDB (carbon) and air (nitrogen).  The values are blank-corrected using an 
internal laboratory standard (glycine), and when appropriate, are 
normalized using USGS 40 and USGS 41 (42).  
Hydrogen and oxygen analysis was performed at the Stable Isotope 
Core laboratory at Washington State University.  Pyrolysis of samples was 
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performed using High Temperature Conversion Elemental Analyzer 
(TC/EA) (ThermoFinnigan, Bremen, Germany).  The resulting gases were 
separated with a GC column (0.6m x ¼” x 4.0mm, molecular sieve 5A, 
Varian) (Agilent Technologies, Santa Clara CA).  Isotopic analysis was 
performed using a Delta PlusXP continuous flow isotope ratio mass 
spectrometer (ThermoFinnigan, Bremen, Germany).  The H and O results 
were reported relative to the VSMOW standard and normalized using the 
internationally accepted H and O isotopic values of Standard Light 
Antarctic Precipitation of -428 per mil and -55.5 per mil, respectively (43). 
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3.  RESULTS AND DISCUSSION  
3.1 Stable isotope analysis of Carbon and Nitrogen 
3.1.1 δ13C Stable Isotope Ratios 
 Photosynthesis plays the major role in determining the δ13C values 
in all plants and especially plants with the C3 photosynthetic pathway.  
Because plants incorporate the carbon from carbon dioxide during 
photosynthesis to create structural tissues as well as precursors of plant 
metabolites, it can be inferred that the δ13C values obtained from the 
plant are also a reflection of the carbon dioxide of the environment from 
which it was grown.  Atmospheric carbon dioxide has an average δ13C 
value of approximately -8‰ (though as of 2016 this value is closer to -
8.5 ‰) (44, 45).  After CO2 is assimilated there are fractionation events 
within a plant that will also have an effect on the measured δ13C values 
obtained from leaf tissues.  For example, when the leaf stomata close 
there is a reduction in the amount of carbon dioxide entering the leaf and 
carbon dioxide becomes limiting. In such a case if the plant continues 
assimilation it will utilize whatever carbon dioxide molecules are present 
within the leaf at that time regardless of whether they contain 12C or 13C.  
The resulting carbon isotope ratio of this leaf will increase because more 
13C is used and incorporated into the leaf tissue leading to a less negative 
δ13C value.  Conversely, when leaf stomata are more open and there is an 
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increased supply of available carbon dioxide, more discrimination against 
13C will occur and the leaf tissues become “lighter” (more negative).  
Carbon dioxide levels and isotope values differ in plants that are 
grown indoors and may influence the plant leaf 13C (from source air that 
is not the ambient value of -8‰).  In an enclosed indoors environment, 
where carbon dioxide respiration does not mix with the outside 
environment, plants may be supplied with fossil fuel sources of CO2 which 
will have δ13C more negative than plants grown in an open outdoors 
environment (44, 46).  Water stress can also have an impact on the 
photosynthetic process and result in reduced 13C discrimination of the 
plant (33).  As Salvia divinorum products are sold at a premium price and 
great care is taken to ensure that the product maintains a high quality, it 
is not likely that the growers would allow the Salvia divinorum to undergo 
drought-like conditions (40, 41). In fact, having spoken with a vendor 
regarding the purchase of a particular strain of Salvia divinorum from 
Oregon, the vendor refused to sell the product due to the plants not 
meeting the strict standards set by the vendor (39). Therefore, for this 
experiment, water stress was not taken into consideration when 
interpreting δ13C data. Data analysis of the replicates for C and N revealed 
isotopic values to be relatively similar between replicates (Table 3).   
31 
Table 3.  Carbon and Nitrogen isotope ratio results of Salvia divinorum 
Sample Wt. (mg) δ13C δ15N  Sample Wt. (mg) δ13C δ15N 
SWES-1 1.890 -32.93 -0.53  SWRS-1 2.097 -32.76 -0.95 
SWES-2 1.941 -32.9 -0.27  SWRS-2 1.882 -32.78 -0.29 
SWES-3 1.903 -32.91 0.08  SWRS-3 1.956 -32.91 -0.50 
SWES-4 2.054 -32.86 -0.01  SWRS-4 1.961 -32.82 -0.48 
SWES-5 1.929 -32.94 -0.01  SWRS-5 1.884 -32.88 -1.25 
SWES-6 1.872 -32.89 -0.12  SWRS-6 1.991 -32.84 -0.79 
SWES-7 1.901 -32.85 -0.41  SWRS-7 2.034 -32.92 -1.03 
SWES-8 1.901 -32.86 0.13  SWRS-8 2.058 -32.85 -0.98 
SWES-9 N/A N/A N/A  SWRS-9 2.056 -32.74 -0.97 
SWES-10 N/A N/A N/A  SWRS-10 1.884 -32.89 -1.09 
         
SWHG-1 1.800 -33.85   SMSMPH-
1 
1.800 -32.32 N/A 
SWHG-2 2.100 -33.80   SMSMPH-
2 
1.800 -32.45 N/A 
SWHG-3 2.000 -33.81   SMSMPH-
3 
39.93 -32.51 0.43 
SWHG-4 2.100 -33.80   SMSMPH-
4 
41.24 -32.45 0.29 
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Table 3.  Carbon and Nitrogen isotope ratio results of Salvia divinorum 
Sample Wt. (mg) δ13C δ15N  Sample Wt. (mg) δ13C δ15N 
SWHG-5 1.900 -33.87   SMSMPH-
5 
41.35 -32.42 0.30 
SWHG-6 1.900 -33.80   SMSMPH-
6 
38.34 -32.50 0.47 
SWHG-7 2.000 -33.86   SMSMPH-
7 
34.76 -32.50 0.38 
SWHG-8 1.800 -33.79   SMSMPH-
8 
32.63 -32.55 0.26 
SWHG-9 1.900 -33.79   SMSMPH-
9 
40.35 -32.53 0.39 
SWHG-10 1.900 -33.76   SMSMPH-
10 
47.81 -32.44 0.46 
         
AEOL-1 2.000 -32.87 0.05  AE05-1 2.000 -32.68 -0.66 
AEOL-2 2.100 -32.79 -0.08  AE05-2 2.000 -32.84 -0.86 
AEOL-3 1.800 -32.89 -0.29  AE05-3 1.900 -32.82 -0.52 
AEOL-4 2.100 -32.84 -0.14  AE05-4 2.100 -32.85 -0.88 
AEOL-5 2.000 -32.77 0.00  AE05-5 2.100 -32.69 -1.30 
AEOL-6 2.000 -32.83 -0.05  AE05-6 2.100 -32.68 -0.81 
AEOL-7 2.000 -32.88 -0.20  AE05-7 1.800 -32.85 -0.74 
AEOL-8 2.100 -32.71 -0.74  AE05-8 1.800 -32.89 -1.06 
AEOL-9 1.945 -32.73 -0.09  AE05-9 1.800 -32.77 -0.85 
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Table 3.  Carbon and Nitrogen isotope ratio results of Salvia divinorum 
Sample Wt. (mg) δ13C δ15N  Sample Wt. (mg) δ13C δ15N 
AEOL-10 2.048 -32.69 -0.53  AE05-10 1.900 -32.76 -0.83 
         
AE15-1 1.800 -33.02 -0.64  AE35-1 2.100 -33.62 -1.22 
AE15-2 1.900 -32.85 -1.23  AE35-2 1.800 -33.55 -1.34 
AE15-3 1.800 -32.87 -1.16  AE35-3 2.000 -33.55 -1.46 
AE15-4 2.100 -32.66 -1.35  AE35-4 2.000 -33.51 -0.81 
AE15-5 1.800 -32.89 -1.03  AE35-5 2.000 -33.53 -1.00 
AE15-6 1.900 -32.92 -1.44  AE35-6 2.000 -33.55 -1.35 
AE15-7 1.900 -32.51 -1.60  AE35-7 1.900 -33.60 -1.41 
AE15-8 1.900 -32.81 -1.43  AE35-8 2.000 -33.51 -1.13 
AE15-9 1.900 -32.87 -0.90  AE35-9 2.100 -33.50 -1.41 
AE15-10 2.000 -32.87 -1.29  AE35-10 1.900 -33.53 -0.95 
         
AE50-1 1.800 -33.36 -0.89      
AE50-2 2.000 -33.48 -1.11      
AE50-3 1.800 -33.46 N/A      
AE50-4 1.881 -33.47 -1.14      
AE50-5 1.859 -33.35 -0.54      
AE50-6 2.073 -33.31 -0.63      
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Table 3.  Carbon and Nitrogen isotope ratio results of Salvia divinorum 
Sample Wt. (mg) δ13C δ15N  Sample Wt. (mg) δ13C δ15N 
AE50-7 1.834 -33.04 -0.85      
AE50-8 1.820 -33.06 -0.89      
AE50-9 1.962 -33.09 -0.67      
AE50-10 1.917 -33.09 -0.79      
 
To make a conclusion regarding the growth conditions of the Salvia 
divinorum plant, the isotope data was compared to values previously 
established (Figure 9) (1, 47).   
 
Figure 9.  Graph describing growth conditions of δ15N vs δ13C 
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Examining the averages of the δ13C reveals that despite the 
increasing concentrations of Salvinorin A with each successive fortified 
extract, δ13C values do not show a significant change.  Statistical 
analysis was performed on the data to determine if the reported values 
are within the expected range, or if any outliers are present.  For the δ13C 
data, only one outlier was found.  This outlier was sample AE15-7, whose 
value of -32.51 was deemed to be outside of the expected values.  All 
remaining samples were within the expected range for its grouping.   
The data results for δ13C indicate that the Salvia divinorum plants 
were not grown in an outdoor, brightly light area (Figure 10).   
 
Figure 10.  Plot of C and N data relative to theoretical cut-off points 
Using a model proposed by West (2009), plants with a δ13C value 
below -320/00 (more negative) indicate having been supplied with CO2, 
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while δ13C value above -280/00 (less negative) are a result of having been 
grown outdoors (44).  Values greater than -320/00 but below -280/00 were 
classified as being grown in a shaded area.  The δ13C values of Salvia 
divinorum were consistently more negative than the minimum theoretical 
limit of -320/00 established by West.  The samples for SWSMPH have values 
at approximately -32.470/00, leaving the possibility that the data could 
either be suggestive as having been grown indoors or in a shaded outdoors 
environment.  As was discussed in the introduction section, Salvia 
divinorum naturally grows in shaded areas of tropical montane cloud 
forests.  A previous study examining the isotopic diversity of plants in the 
highlands of Oaxaca, Mexico demonstrated that the observed isotopic 
ratios for wild plants in that region as having δ13C values ranging between 
-32.80/00 and -24.40/00 for C3 plants (48).  No significant difference in 
stable isotope ratios was detected between plants grown in the highlands 
and plants grown in the lowlands of Oaxaca.  Referring back to the data 
for Salvia divinorum, the observed stable isotope ratios for SWSMPH and 
the AEOL samples are within range of the observed δ13C values for 
Oaxacan grown C3 plants.  These finding suggest that the proposed model 
by West does not accurately reflect the stable isotope composition of plants 
other than marijuana. 
The effects of leaf fortification on stable isotope ratios for C did not 
indicate a significantly large change.  Examining the arena botanical series 
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of leaf samples shows that there is a decrease from -32.8 to -33.31 when 
going from AEOL to AE50 (Table 4).   
Table 4.  C and N sample group averages and standard deviations 
Sample ID 
N= 10 
*N= 23 
δ13C 
Average 
Std. dev δ15N Average Std. dev 
AEOL -32.8 0.07 -0.207 0.25 
AE05 -32.78 0.08 -0.85 0.21 
AE15 -32.83 0.14 -1.21 0.29 
AE35 -33.55 0.04 -1.21 0.23 
AE50 -33.31 0.20 -0.79 0.18 
SWSMPH* -32.47 0.07 0.37 0.08 
SWRS -32.84 0.06 -0.83 0.31 
SWES -32.89 0.05 -0.14 0.24 
SWHG -33.81 0.04 4.929 0.22 
 
Though there is an overall trend towards becoming more isotopically 
negative with increasing fortification, the trend is not consistent between 
successive fortification strengths (Figure 11).   
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Figure 11.  Plot showing trend line of δ13C means vs Fortification Strength 
(Microsoft Excel) 
For instance, AE35 has a more negative δ13C value than AE50.  
Likewise, AEOL is more negative than AE05.  It is unclear as to why the 
changes in δ13C are not consistent along fortification concentrations, 
though it is possible that each subsequent Salvinorin A extraction that is 
performed provides an unequal amount C13 to be extracted.  Regardless 
of what each extraction step did to the carbon make-up of the fortified 
leaves, the changes in δ13C stable isotope ratios did not significantly 
change in composition; therefore an analyst need not be concerned about 
incorrectly assigning the plants as having grown under different 
conditions. 
3.1.2 δ15N Stable Isotope Ratios 
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 Where δ13C provides information as to the CO2 levels of the plants 
environment, δ15N provides information on the type of fertilizer that was 
used (44).  Fertilizer in the form of animal manure (considered an organic 
fertilizer) with δ15N values of approximately 50/00 have been reported to 
produce nitrates with δ15N values ranging between 100/00 and 220/00 (49).  
This enrichment is due to the preferential evaporation of the δ15N depleted 
ammonia from the manure (50).  On the other hand, inorganic fertilizers 
have δ15N values around 00/00 due to atmospheric N2 being the source of 
the nitrogen for these types of fertilizers.  Plant δ15N is a function of the 
utilizable nitrogen that is available to the plant.  Most of the nitrogen that 
is present in the soil is not available for use by the plant because most of 
it is bound in forms in which the plant cannot use.  It is for this reason 
that the δ15N found in the plant is reflective of the available nitrogen pools 
used by plants in general (50).  It is also worth noting that because plants 
are unable to utilize the nitrogen present in soil or atmospheric N2, plant 
must acquire nitrogen through a variety of means such as: the addition of 
ammonia and/or nitrate to soil, the release of compounds during organic 
decomposition, the conversion of atmospheric nitrogen via natural 
processes (lightening), and biological nitrogen fixation (51).  In biological 
nitrogen fixation processes, the plant receives nitrogen from fungi or 
bacteria and in return the plant provides carbon (51).  Little is known 
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regarding how the fungi changes the δ15N when nitrogen is being taken up 
and transferred to the plant (30).   
 The δ15N values from this experiment are present on the previous 
table (Table 3).  Statistical analysis of the data indicated only one outlier, 
which was present in AE05-5 with its value of -1.30/00.  All other data 
points were within the accepted range.  Overall, all of the Salvia divinorum 
samples (with the exception of SWHG), were close to 00/00.  As stated 
earlier, inorganic fertilizers tend to be close to 00/00, with the cutoff point 
between inorganic and organic fertilizers for δ15N being set at 70/00 (44).  
On first examination, the data obtained for δ15N would indicate the use of 
inorganic fertilizers on the Salvia divinorum.  Yet, when the δ15N of various 
plant species in Oaxaca where investigated, the wild plants were reported 
to have δ15N values of 1.60/00 ±2.3 (48).  The Salvia divinorum samples 
(AEOL and SWSMPH) also had δ15N values within range of other plant 
species found in Oaxaca, suggesting the soil for the Salvia divinorum is the 
similar to those of other wild plants of the region and nitrogen fractionation 
is not drastically different.  This further indicates the model used by West 
(2009) does not necessarily hold true for plant species beyond marijuana.  
The implication of this finding is especially noteworthy for the set of 
samples from AEOL which claim on its website that the samples are 
organically grown (41).  Much of the selling point of many of the Salvia 
divinorum products on the market as that they are authentically grown in 
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their native region of Oaxaca, Mexico.  Stable isotope analysis of the 
Oaxacan grown Salvia divinorum plants is in agreement with these website 
claims. The SWHG leaves exhibited δ15N values higher than those grown 
in Mexico (Figure 12). 
 
Figure 12. Plot of δ13C vs δ15N by geographical region 
This finding demonstrates that Salvia divinorum plants grown in a different 
geographical region, can exhibit stable isotope ratios that may differentiate 
it from Salvia divinorum grown in Oaxaca, Mexico.  
 Similar to the carbon data, the nitrogen data showed a depletion in 
15N towards a more negative δ15N value.  Examining AEOL to AE50 showed 
a change from -0.2070/00 to -0.790/00 respectively.  Fortification of the 
Arena Botanical samples resulted in δ15N moving towards values more 
negative than that of AEOL (Figure 13). 
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Figure 13.  Plot showing trend line of δ15N means vs Fortification Strength 
(Microsoft Excel) 
An analysis of variance was conducted to determine if the values were 
statistically different.  The statistical calculation concluded that the values 
were highly significantly different, with a p-value of 1.7E-5; demonstrating 
that the fortification process does have an effect on N isotope ratios, 
though the effect is not great and may not confound an analyst into 
thinking that the plant was grown in an environment different from its 
true origin.  It is believed that the fortification process of extracting 
Salvinorin A from the leaves and combining them onto other leaves is also 
extracting other compounds that are present in the leaves.  The chemical 
structure of salvinorin A (Figure 3) does not contain any N molecules.  
Because the fortification process involves the use of acetone as an 
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extraction liquid, and acetone does not contain any nitrogen molecules 
either, the nitrogen molecules that are affecting the δ15N values may be a 
byproduct of the extraction and fortification procedure.    
3.2 Stable isotope analysis of Hydrogen and Oxygen 
3.2.1 δD Stable Isotope Ratios 
 The typical analysis of leaf water utilizes some type of water 
extraction where the leaf or stem is placed in a vacuum system where the 
sample is heated and the collection vial cooled resulting in the water 
moving out of the tissue and collecting in the cooled-vial.  The water vapor 
is pulled towards a collection tube which is then frozen and stored for later 
stable isotope analysis (54).  The original intention of the experiment was 
to perform a leaf water extraction, unfortunately that method could not be 
employed with these Salvia divinorum leaves.  When leaves are ordered 
and delivered by mail, they have already been pre-dried by the supplier.  
Because much of the water content of the leaves have been evaporated, an 
attempt for a traditional water extraction would have proved fruitless.  
Likewise, any attempt to extract remaining water that was still in the 
leaves would require more leaf material than was available.  
 To obtain an understanding of the deuterium content of the leaves, 
organic hydrogen was analyzed.  Organic hydrogen is molecularly bound 
to the components of the leaf.   Samples were prepared for stable isotope 
analysis according to the procedure described by Hurley (2010), such that 
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pulverized leaf material was submitted for analysis without additional 
extraction techniques (55).  The resulting data is described in the following 
table (Table 5): 
Table 5.  H and O isotope ratio results of Salvia divinorum 
Sample Wt. 
(mg) 
δD 
(0/00) 
δ18O 
(0/00) 
 Sample Wt. 
(mg) 
δD 
(0/00) 
δ18O 
(0/00) 
SWES-1 0.35 -121.9 21.66  SWRS-1 0.342 -110.63 21.35 
SWES-2 0.441 -113.56 21.69  SWRS-2 0.306 -118.69 21.39 
SWES-3 0.509 -118.99 21.70  SWRS-3 0.439 -110.3 20.85 
SWES-4 0.437 -112.85 21.95  SWRS-4 0.462 -114.23 20.82 
SWES-5 0.348 -119.12 21.07  SWRS-5 0.507 N/A 21.22 
         
SWHG-1 0.48 -117 21.80  SWSMPH-
1 
0.487 -139.98 18.85 
SWHG-2 0.423 -111.47 21.88  SWSMPH-
2 
0.41 -142.14 18.70 
SWHG-3 0.546 -113.79 21.89  SWSMPH-
3 
0.521 -136.87 18.71 
SWHG-4 0.514 -113.85 21.78  SWSMPH-
4 
0.437 -141.82 18.76 
SWHG-5 0.502 -114.31 22.30  SWSMPH-
5 
0.569 -138.44 19.25 
         
AEOL-1 0.327 -148.69 17.50  AE05-1 0.557 -133.34 19.93 
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Table 5.  H and O isotope ratio results of Salvia divinorum 
Sample Wt. 
(mg) 
δD 
(0/00) 
δ18O 
(0/00) 
 Sample Wt. 
(mg) 
δD 
(0/00) 
δ18O 
(0/00) 
AEOL-2 0.37 -142.47 17.35  AE05-2 0.334 -132.62 19.73 
AEOL-3 0.375 -145.88 17.12  AE05-3 0.499 -132.9 19.95 
AEOL-4 0.307 -150.59 17.34  AE05-4 0.458 -124.06 19.90 
AEOL-5 0.367 -144.27 17.21  AE05-5 0.4 -133.53 19.88 
         
AE15-1 0.434 -139.27 19.92  AE35-1 0.378 -152.35 19.37 
AE15-2 0.441 -133.4 19.55  AE35-2 0.46 -152.55 19.85 
AE15-3 0.358 -138.39 19.25  AE35-3 0.481 -151.32 19.70 
AE15-4 0.37 -135.48 19.53  AE35-4 0.321 -151.09 19.62 
AE15-5 0.31 -139.62 19.58  AE35-5 0.494 -159.86 19.96 
         
AE50-1 0.482 -157.31 19.39      
AE50-2 0.41 -137.05 19.56      
AE50-3 0.36 -161.15 19.55      
AE50-4 0.538 -151.54 20.24      
AE50-5 0.393 -163.38 19.02      
 
 An analysis of variance was performed to determine whether the 
fortified leaves were statistically different from the leaves without 
fortification.  The statistical analysis determined that the δD values of 
AEOL (mean= -146.380/00) was not significantly different from AE50 
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(mean= -154.090/00) (p-value= 0.157). On the other hand, an examination 
of AEOL and AE05 (mean=-131.29) did show a significant statistical 
difference (p-value= 0.0002) (Table 6). 
Table 6.  H and O sample group averages and standard deviations 
Sample ID δD Average 
(0/00) 
Standard 
Deviation 
δ18O Average 
(0/00) 
Standard 
Deviation 
AEOL -146.38 3.28 17.3 0.15 
AE05 -131.29 4.06 19.88 0.09 
AE15 -137.23 2.69 19.57 0.24 
AE35 -153.43 3.64 19.7 0.23 
AE50 -154.09 10.53 19.55 0.44 
SWSMPH -139.85 2.24 18.85 0.23 
SWRS -113.46 3.91 21.13 0.27 
SWES -117.28 3.91 21.61 0.33 
SWHG -114.08 1.97 21.93 0.21 
 
Though there was an overall decrease in δD values, it was not 
consistent decrease between all fortified sample groups.  Sage wisdom 
group of samples (SWSMPH, SWRS, and SWES) represented an initial 
increase in δD followed by a steady decrease.  The Arena Botanical group 
of samples similarly showed an initial increase in δD at a fortification of 
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“5x”, though the trend for this sample group demonstrated a decrease in 
δD in subsequent fortification strengths (Figure 14). 
 
Figure 14.  Plot showing trend line of δD means vs Fortification Strength 
(Microsoft Excel) 
The mechanism for why this occurs is not fully understood.  It is 
possible that the initial extractions removes the lighter hydrogen bound 
molecules, but as the subsequent extraction steps proceed, the acetone 
solvent is interacting with chemical components in the leaf, thus causing 
1H enrichment.   
Literature notes that there is hydrogen isotope exchange that occurs 
within plants that changes the δD values considerably, making relating δD 
back to precipitation models difficult to do (56, 57).  Despite this finding, 
a model that examined δD of bulk leaf material for determining region of 
origin was examined for this experiment (55).  Though this model is best 
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suited for marijuana data, this model does provide the opportunity to 
examine whether fortification affects the accuracy of region of growth 
prediction models.  The impact of the δD depletion on predicting trafficking 
patterns is very significant in that it will skew an analysts’ estimation as 
to where the drug of abuse is being imported from.  The change in δD value 
from SWSMPH and SWRS is 26+0/00, which when using the geographic 
model proposed by Hurley (2010), results in the data appearing as though 
each set of samples were grown in different geographic regions despite 
both samples having come from the same source (55).  Though a prediction 
model for Salvia divinorum does not currently exist, it is most likely that 
fortified Salvia divinorum would similarly cause misclassification of data 
to an incorrect geographic region. 
3.2.2 δ18O Stable Isotope Ratios 
 Because hydrogen and oxygen are associated together in water, 
much of the factors that applied to hydrogen also apply to oxygen and will 
not be discussed in detail.  An analysis of variance was performed to 
determine whether the fortified leaves were statistically different from the 
leaves without fortification.  The statistical analysis determined that the 
δ18O values of AEOL (mean= 17.30/00) was significantly different from AE50 
(mean= 19.550/00), where p-value= 4.78E-06.  In the data obtained from 
this experiment oxygen, unlike hydrogen, has an increase in δ18O values 
with increasing fortification (Figure 15).   
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Figure 15.  Plot showing trend line of δ18O means vs Fortification Strength 
(Microsoft Excel) 
The mechanism as to why this occurs is not known.  Previous studies have 
shown that δD and δ18O can move in different directions due to 
fractionation events within plant tissue (58).  Regardless, because δ18O 
research on water precipitation has primarily focused on liquid water, or 
from δ18O from cellulose, no known data on organically bound oxygen is 
available to make comparisons to. Another observation regarding the 
oxygen data is that while the previously mentioned isotopes (δ13C, δ15N, 
and δD) generally moved towards more negative values with fortification, 
δ18O on the other hand exhibited a trend towards more positive values.  
One possible explanation for this phenomenon may be attributed to the 
isotopic composition of the data being examined.  All data with negative δ 
values (δ13C, δ15N, and δD) continued to move in a negative direction, while 
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the data with the positive δ values (δ18O) increased in δ18O value.  It may 
be that the enriched stable isotopes of the leaf become more enriched with 
the addition of similarly enriched stable isotopes during the fortification 
process. 
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4.  CONCLUSIONS 
 Stable isotope ratio analysis may be used as a tool which can 
assist law enforcement agencies in better understanding drug trafficking 
patterns.  Despite its usefulness, when used alone it is not a very 
powerful tracing tool.  Many geographic regions share similar isotopic 
compositions with one another, and without the appropriate background 
information (such as expected trafficking routes and an understanding of 
the biogeochemistry driving plant/environment interactions) it becomes 
quite difficult to pinpoint a specific geographic area with a high degree of 
certainty.  Furthermore, the isotope trends of this research demonstrate 
the effects that leaf fortification processes have on the ability to 
accurately predict a region of origin.  Without prior knowledge of certain 
plant based drugs where fortification of plant material is practiced, 
analysis of the stable isotopes will result in confounding data that does 
not align with known trafficking patterns. 
 The extraction process for fortification is not a precise science.  
Nitrogen, which is not present in either salvinorin A or acetone, exhibited 
changes with increased fortification steps.  During an initial visual 
examination of the leaves it was noted that the leaves darkened in green 
color as the fortification number increased. Because the green color of 
leaves is a result of the presence of chlorophyll, this darkening of color 
further demonstrates how indiscriminative acetone as a solvent is for the 
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extraction of salvinorin A. Care must be taken when examining the stable 
isotope ratios of drugs where the active compound has been artificially 
spiked to create a more concentrated dose.   
 One of the major drawbacks with forensic isotope analysis is the 
amount of time and money needed to utilize this technology.  The IRMS 
is expensive on its own, and as a result most researchers outsource their 
samples to the few locations that are able to provide the service.  Due to 
the high demand for analysis, a relatively small number of facilities 
capable of processing these samples, the amount of time each must be 
analyzed, and the data correction employed with each sample, turn-
around time can range from weeks to months.  Likewise, the price to run 
each sample can range from $3.60 to $60 depending on the type of 
sample and the analysis needed.  For these reason a dramatic increase in 
the utilization stable isotope analysis in forensic laboratories at the local 
or state level is not expected.  On the other hand, large federal agencies 
such as the DEA or Homeland Security may continue to find use in 
examining stable isotope ratios for the purpose of intelligence gathering 
and predicting drug trafficking patterns.  
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5.  FUTURE DIRECTIONS 
 Further examination of the stable isotope of Salvia divinorum using 
non-exchangeable hydrogen data, such as those in found in cellulose, 
will provide a more accurate understanding of where suppliers are 
growing their products.  Bulk leaf analysis of δD and δO proved to be 
insufficient in providing information on source water.  Greenhouse 
experiments on Salvia divinorum would also elucidate lingering questions 
on the cutoff ranges with regard to indoor vs outdoor growth and organic 
vs inorganic fertilizers.  Likewise, further research examining the 
fractionation processes of Salvia divinorum would give researchers a 
better understanding of the factors affecting the stable isotope ratios of 
this plant.   
 “Dabbing” is a new form of getting high that has proliferated in the 
past few years in the United States.  “Dabbing” refers to the inhalation of 
concentrated tetrahydrocannabinol (THC) via its extraction from the 
leaves using a butane solvent (59).  The extract leaves a wax-like 
substrate that is said to be more potent than in its standard leaf form 
(60).  Where the standard marijuana leaf contains between 3-6% THC, 
dab wax was found to have concentrations of 20-25% THC (61).   This 
butane extraction may have similar effects to the stable isotope ratios as 
the acetone extraction had with Salvia divinorum.  Further research into 
this increasingly popular form of THC, and its associated isotope ratios, 
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will greatly assist the scientific community where little to no research on 
“dabbing” has been investigated. Based on the results of this research it 
can be inferred that ‘dabbing’ will result in the stable isotope ratios of 
marijuana to be pushed further away from their original values. 
  
55 
APPENDIX 
 
Figure B.  Photograph of AEOL 
 
Figure C.  Photograph AE05 
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Figure D.  Photograph of AE15 
 
Figure E.  Photograph of AE35 
57 
 
Figure F.  Photograph of AE50 
 
Figure G.  Photograph of SWSMPH 
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Figure H.  Photograph of SWHG 
 
Figure I.  Photograph of SWRS 
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Figure J.  Comparison of color between AE50 (left) and AEOL (right) 
 
Figure K.  Plot graph of sample averages: δ13C vs δ15N 
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Table A.  ANOVA: single factor. Variance between AEOL and AE50 for nitrogen 
data (Microsoft Excel) 
         
 Anova: Single Factor      
         
 SUMMARY       
 Groups Count Sum Average Variance    
 Column 1 10 
-
2.07329 -0.20733 0.063436    
 Column 2 9 
-
7.51634 -0.83515 0.042123    
         
         
 ANOVA        
 
Source of 
Variation SS df MS F P-value F crit  
 Between Groups 1.867063 1 1.867063 34.95974 1.7E-05 4.451322  
 Within Groups 0.907904 17 0.053406     
         
 Total 2.774967 18          
         
 
Table B.  ANOVA: single factor. Variance between AEOL and AE50 for carbon data 
(Microsoft Excel) 
         
 Anova: Single Factor      
         
 SUMMARY       
 *Groups Count Sum Average Variance    
 Column 1 10 -328 -32.8 0.00537    
 Column 2 17 
-
567.095 -33.3585 0.035481    
         
         
 ANOVA        
 
Source of 
Variation SS df MS F P-value F crit  
 Between Groups 1.964376 1 1.964376 79.71828 3E-09 4.241699  
 Within Groups 0.616037 25 0.024641     
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 Total 2.580413 26          
         
         
 
Table C.  ANOVA: single factor. Variance between AEOL and AE50 for hydrogen 
data (Microsoft Excel) 
         
 
Anova: Single 
Factor        
         
 SUMMARY        
 Groups Count Sum Average Variance    
 Column 1 5 -731.9 -146.38 10.7626    
 Column 2 5 -770.43 -154.086 110.845    
         
         
 ANOVA        
 Source of Variation SS df MS F P-value F crit  
 Between Groups 148.4561 1 148.4561 2.441559 0.156785 5.317655  
 Within Groups 486.4305 8 60.80382     
         
 Total 634.8866 9          
         
         
 
Table D. ANOVA: single factor. Variance between AEOL and AE50 for oxygen data 
(Microsoft Excel) 
        
 Anova: Single Factor      
        
 SUMMARY       
 Groups Count Sum Average Variance   
 Column 1 5 86.52 17.304 0.02113  
 Column 2 5 97.76 19.552 0.19567  
        
        
 ANOVA       
 Source of Variation SS df MS F P-value F crit 
 Between Groups 12.63376 1 12.63376 116.5476 4.78E-06 5.317655 
 Within Groups 0.8672 8 0.1084   
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 Total 13.50096 9        
        
        
 
Table D.  ANOVA: single factor. Variance between AEOL and AE50 for oxygen data 
(Microsoft Excel) 
 
Anova: Single 
Factor       
        
 SUMMARY       
 Groups Count Sum Average Variance   
 Column 1 5 -731.9 -146.38 10.7626   
 Column 2 5 -656.45 -131.29 16.4635   
        
        
 ANOVA       
 Source of Variation SS df MS F P-value F crit 
 Between Groups 569.2703 1 569.2703 41.81798 0.000195 5.317655 
 Within Groups 108.9044 8 13.61305    
        
 Total 678.1747 9         
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